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0 Remoldabie multi-layer footwear, and apparatus and method for forming said footwear. 



0 Mum-layer footwear formed of laminated layers 
(20, 22. 26. 28. 34) of material wtiidi are sealed 
togetiier witii a polymeric Q\ue used in the original 
manufacture of the footwear to secure ttie various 
layers of material together. The layers of material 
held together by polymeric glue are capat>le of be- 
ing heated to a degree at which the footwear, when 
placed in a vacuum bag or compression chamber, is 
molded to adopt the shape of the foot inside the 
footwear urwier atmospheric pressure once pressure 
in«de the bag is reduced or pressure in the com- 
pression chamber is increased. The footwear is heat- 



ed to the point wfiere the synthetic components of 
the layers of material are flexik>le under thermofor- 
ming conditions, but within a temperature range in 
which the polymeric glue continues to perfonm as an 
adhesive so that the sealed laminated surfaces do 
not separate. A polymeric glue Is used because it 
can secure the laminated layers of material together 
during manufacture of tfw footwear and continue to 
perform as an adhe^ve during heating and cooling 
of the laminated layers of material In a custom- 
molded condition. 




XsfOK Copy Centm 



1 



EP 0 391 752 A1 



2 



The present invention retatos to mutti-layer 
footwears, such as ice skates, hockey skates, 
cross-country ski t>oot3, orthopedic shoes, or any 
other footwear having several layers of material. 

Several methods are known for molding foot* 
wear to the shape of the foot of the wearer. U.S. 
Patent Nos. 3.848,287 and 3.848.288 to Simonsen 
and Kahmann. respectively, disclose typical pro* 
cesses for adapting a downhill ski boot to conform 
to the shape of the wearer s foot According to the 
method disclosed in the above patents, the wearer 
puts Ns or her foot In a ski boot formed primarily 
of thermoplastic material. The ski boot is then 
placed in a t>ag of plastic material having a melting 
poim higher than the temperature at which the 
thermoi^astic material of the boot was molded and 
the top of the bag sealed around the user's foot 
After the thermoplastic material of the ski boot is 
heated to its softening temperature, but betow the 
n^iting point of the bag, a vacuum applied to a 
vacuum tine inside the bag evacuates air from 
inside the bag to aik>w atmospheric pressure to 
exert a force on the t>ag and to press the ski boot 
against the wearer's foot While the vacuum is 
maintained Inside the l>ag. the sW boot is cooled to 
k)elow He softening temperature to produce a ski 
kK)ot which confonns to the foot of the wearer. A 
further disadvantage Inherent in the above patents 
is that their appfication is limited to ski or other 
boots made entirely of molded thermoplastic ma- 
terial. If ttie processes disclosed in these refferen- 
ces were us^ in conjunction with traditionally 
made multHayer footwear, according to the pro- 
cess used for manufacturirig shoes, the component 
layers would separata due to deterioration of the 
adhesfves used to secure the laminated layers to- 
gether. 

Another method of forming ski boots is dis- 
closed in U.S. Patent No. 3.362.091 to Drago. also 
relating to ski t>oots made of unlfomnly distributed 
layers for provkfirni comfort and insulation to the 
UM of the wearer. According to the method de- 
scribed In this patent, tfie material used is specifi- 
cally defined as heat setting wtitoh is an equh^alent 
to a thermosetting material defined as plastic that 
solidifies when first heated under pressure and 
whk:*! cannot be remelted or remokied without de- 
stroying the original characteristics. Furthermore, 
the materials specifically recited in this patent are 
of the type which, when heated, assume a rigid 
condition, thus incapable of being reheated and 
remokied with the same effectiveness. 

Other methods of manufacturing protective 
footwear are diseased in U.S. Patents Nos. 
3.898,202; 4.255.202: 4.724.627; and 4,654,988 to 
Palau; Swan. Jr.: Sisco: and George, respectively. 

Most multi*layer footwear on the market today 
Is manufactured according to a traditional process 



for making shoes, i.e.. thermosetting certain parts 
of the skate and then manually gluing the compo- 
nent parts together. 

Accordingly, It is an object of the present in- 

s vention to form a remoldable multi-layer footwear 
which Is capable of being reheated and remolded 
with all its effectiveness. 

It Is another object of the present invention to 
propose a multi-layer footwear including layers of 

w material secured to each other by a polymeric glue 
which can be heated and reheated witiiout loss of 
adhesive quality, together with an apparatus and a 
method for forming such footwear. 

It is a furttier object of the present invention to 

fs assemble multi-layer footwear including layers of 
material secured to each other by a polymeric glue 
which can be heated and reheated without loss of 
adhesive quality and to subject the footwear to 
reduced or elevated presure to mold the footwear 

20 according to the sfiape of ttie foot inside tlie foot* 
wear. 

This problem is solved in accordance to the 
InventkMi. with a remokiable multi-layer footwear 
capat>le of t>elng molded on more than one ocea- 
ns sk>n. comprising a particular boot as defined in 
claim 1. It is to be emphasized ttiat a further 
disadvantage of the at>ove mentioned prior art pat- 
ents resides In the atksence of any mention or 
teaching of multi-layer of various segments, pat- 
so tems and shapes located In different areas of said 
boot for varying flexibility at different areas of said 
boot 

The present invention also proposes an ap- 
paratus for forming a such remoldable multi-layer 

35 footwear, as defined in claim 5. together with a 
method for mokJing the same to the foot of a 
wearer as defined in claim 1 1 . 

By the present invention, it Is provided a plural- 
ity of layers of material including natural artd syn- 

40 thetic thermoplastic material of various segments, 
patterns and shapes k^cated in different areas of 
. the boot for varying flexibility at different areas of 
the boot The plurality of layers are secured to 
each other by a potymerio glue capable of main* 

45 taining Its adhesive effecthreness over repeated 
heating and cooling. 

By the present invention, multi-layer footwear 
having laminated layers of material secures the 
various layers together with a polymeric glue which 

so is used in place of traditionally used glues in the 
manufacture of mutti^yer footwear to secure the 
various layers of material togettier. The layers of 
material heki together by polymeric glue are ca- 
pable of being heated to a degree at whk:h the 

55 footwear, when placed In a vacuum bag or pres- 
sure chamber, is molded to adopt the shape of the 
foot inside the footwear under room atmospheric 
pressure once pressure inside the t>ag is reduced 
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or when pressure tn the pressure chamber is in- 
creased. The footwear is heated to the point where 
the layers of synthetic material of the footwear are 
flexible under thermoforming conditions, but within 
a temperature range beiow the melting point of the 
polymeric glue in which the polymeric glue contin- 
ues to perfonn as an adhesive so that the heated 
laminated surfaces do not separate. 

A polymeric glue Is used fc)ecause it can se- 
cure the laminated layers of material together dur- 
ing original manufacture of the footwear, soften 
when subjected to heat for molding of the footwear, 
yet continue to perform as an adhesive during 
cooling of the laminated layers of material of the 
footwear In a custom-molded condition. In contrast, 
common low temperature rubber and elastomar 
glues with liquefying solvent as traditionally used 
in manufacturing shoes, are not suitable, since they 
loose their adhesh/e quality during the process of 
heating of footwear to bB molded to a specific foot 
and subsequent cooling. 

To assure proper fitting of the multi-layer foot- 
wear of the invention, greater amounts of material 
are required around the part of the footwear that is 
made of moldable tfiemnoforming material than is 
used in standard footwear currently available. In 
addition, the moldable tf^rmoforming material is in 
different layers and sizes to provide the necessary 
rigidity In certain areas of ttie footwear and flexibil- 
ity in others. 

In the molding of the footwear, where there is a 
gap between the toes and the toe region of the 
footwear, it Is advantageous that a protective cush- 
ion be inserted to fiU the gap so that when a 
vacuum is applied to the bag surrounding the foot* 
wear during the molding process or the pressure 
chamt)er pressurized, blood does not rush into the 
toes, causing swelling to the extent that the toes 
occupy the entire gap Bnd cause injury to the toes. 

These aiKl other objects of the present inven- 
tion, and many of its Intended advantages, will 
t>ecome more readily apparent by referring to the 
following description, taken in conjunction with the 
accompanying drawings. 

figure 1 Is a partial sectional view of a 
hoclcey skate. 

f=1gure 2 Is a sectional view taken ak>ng line 
2-2 of Figure 1. 

Figure 3 is a perspective view of a rigid toe 
cap for a hockey skate. 

Rgure 4 illustrates heating of a boot of a 
hockey skate. Figure S illustrates a vacuum bag. 

figure 6 illustrates the vacuum bag kx:ated 
on a leg of the wearer prior to placing the hockey 
skate on the wearer's foot 

Figure 7 Illustrates application of a vacuum 
to the plastic bag sealed around the leg of the 
wearer and surrounding the hockey skate. 



Rgure 8 is a partial sectional view of the 
evacuated pla^c tag surrounding the hockey 
skate on the leg of the wearer taken atong Hne 8-8 
of Figure 7. 

s Rgure 9 Illustrates a foot of a wearer sealin- 

gty clamped In a pressurization chamt>er* 

Rgure 10 is a sectional view taken along line 
10-10 of Rgure 9. 

tn describing a preferred embodiment of the 

to Invention Illustrated in the drawings, specific ter- 
minology will be used for the sake of clarity. How- 
ever, the invention is not intended to be limited to 
the specific terms selected, and It is to be under- 
stood that each specific term includes all technical 

18 equivalents which operate in a similar manner to 
accomplish a simitar purpose. 

With reference to the drawings in general, and 
to Rgures 1-3 in particular, a hockey skate em- 
bodying the teachlr>gs of the present invention Is 

30 generally designated as 10. A hockey skate is used 
for Illustrative purposes and is intended to repre- 
sent practicing of the Invention on all multHayer 
footwear which require gluing of their component 
layers. Ice skates, cross-country ski boots, orthoF>e- 

S5 die shoes, as well as other footwear having glued 
laminated layers, are envisk»ned as being included 
In the invention. 

The skate 10 includes a boot 12 and blade 14. 
The t>oot 12 Includes a tongue 18 and shoelace 

30 eyelets 18 through which a shoelace Is threaded 
for tightening and loosening the t>oot 

The boot includes layers of material vi^ich are 
secured together by a polynwric glue. The compo- 
nents of ttie boot Include a combination of layers of 

35' leather and synthetic materials, such as nylon, 
polyethylene, foam, and polyvinyl chk>ride, to name 
a few. 

In the cross-sectk>n illustrated in Rgure 2. an 
outer layer 20 Is black woven nyUm (cdmmonly 

40 reiened to "ballistk: nyton" due to its cut-proof 
quality) secured to an outer lining 22 by polymeric 
glue layer 24. Shnilariy. an inner Untng 28 is se- 
cured t)etween lining 22 and foam cushion layer 28 
by polymeric glue layers 30 and 32, respectively. 

4S The Innermost layer 34. made of leather or other 
suitat>le material, is secured to the foam cushion 
layer 28 by polymeric glue layer 36. The compo- 
nent layers of tf« boot will vary over different 
portions of the t)oot For example, to reinforce the 

so side and rear portions of the tK>ot a plastic material 
available under the tradename ABS or SURLYN. 
available from Dupont. is used, or non-woven cot- 
ton hot-melt impregnated fabric coated at the man- 
ufacturing plant with polymeric glue, which can be 

55 reactivated by heat application. Reinforcement lay- 
er material made of themoforming material is avail- 
able under the tradename MEGA61X from Bixby 
Company of Canada. At the left and right sides of 



3 



s 



EP 0 391 752 A1 



6 



the ankle, a bag containing a thbcotropic matenal 
which is pliable, yet capable of cushioning the 
ankle bone, may fonn part of the boot A lower leg 
support 3a of polyvinyl chtoride (PVC) plastic ma- 
terial is shaped and cut to surround the rear upper 
portion of the boot 

In the toe region 40. a rigid plastic toe cap 42 
(best shown In Rgure 3) is covered with an exterior 
layer 4a A steel skate blade 50 is embedded In 
and conrwcted to the bottom of the boot 12 by a 
rigki plastic support 52. 

All the component layers of the boot are se- 
cured to each other by a polymeric glue, such as, 
Ibr example. 3M brand glue No. 4693 made of 
styrerie butadiene. Any other polymeric glue may 
be used. A polymeric glue, for purposes of this 
application, is defined as a glue made from one of 
(t) a rubber base. (2) thermoplastic hot-melt or (3) 
PUR (potyurethans resin), combined with a poly- 
meric plastidzer. which results in a high tempera- 
ture resistant glue. The essential quality of the glue 
is that it has a higher melting point than tf^ soften- 
ing temperature of the syntfietlc compor>ent layers 
of materiaJ which form the ixwt such tfiat during 
repeated heating and cooling procedures for mold- 
ing of the boot the glue will not lose Its adhesive 
effectiveness. The glue is able to withstand tlie 
temperatures reqtdred to soften tiie synthetic com- 
ponent layers of the boot required to mold the boot 
while maintaining the adhesive quaGttes of the |X>ty-. 
meric glue. 

To mold the boot to the shape of a wearer's 
foot the boot 12 of the skate 10 is heated by a 
heating device 54, as. 8fx>wn in Rgure 4. The 
heating devk:e may l:>e an industriai-type hot air 
fan. as shown in Rgure 4. or any similar devtee 
capable of heatir>g the syrrthetic component layers 
to their softening temperature, typically to a tem- 
perature between 80* C and 135* C. and preferably 
to a temperature between 93-108* C. The heating 
device shown generates a temperature in Ifie range 
of 178-260* C at Ha nozzle such that heating of the 
boot for a period of approximately five minutes 
softens the synthetic layers of the boot 

l^xt the leg of the wearer is inserted through 
the opening 58 <rf the two-sided vacuum bag 58. 
The bag is made of silicon sheetirtg similar to that 
used in iho aerospace industry for vacuum mous- 
ing. At a lower extremity of the t>ag 58 is a rigid 
plastic sheath 60 of oit-proof nylon for receiving 
and supporting the metallic blade 50 of the skate 
10. At the rear of the bag 58 Is a sealabte dosure 
62 of a press type to force interengagement of 
male and female portions for sealirtg the t>ag once 
the leg of the operator is placed in opening 58 (as 
shown in f=!gure 6). The opening 58 is of a size 
sufficient to seal tiie bag 58 around tiie leg of the 
wearer. An air valve stem 64 projects fronri the bag 



to communicate between the Interior of the bag 
and the surrounding environment 

After the bag 58 Is wrapped around the leg of 
the wearer, cushion mear>s such as a compresstbie 

5 material 68 (as shown in Rgure 8) is inserted in the 
skate t>etween the sock 68 and the toe cap 42 so 
as to t>e located in the cavity between the sock 68 
or tiie bare foot and the toe cap prior to evacuation 
of the bag 58. The compressible material 66 is 

10 made of low density closed ceil foam or other 
suitable material and Is of sufficient mass to cover 
the toes of the wearer and fill ttte cavity iMtween 
the toes and the toe cap of the skate. The com- 
presstbie material prevente blood from rushing to 

16 the toes of the wearer to cause swelling and injury 
during evacuation of the bag. After ttie tx>ot has 
been mokied to the foot of tfie wearer, the com- 
pres3dt>le material may be removed from the t>oot 
or tiie compressible material may be permanently 

20 secured in the footwear depending on ttie use for 
the f ootwear« 

In Rgure' 7. a vacuum Ptne 70 Is shown con- 
nected to the valve stem 64 by coupling 72. A 
vacuum device 74 having an on/off lever 78 pro- 

25 vides suction tfm)ugh vacuum line 70 to the valve 
stem 64 to evacuate air from inside the bag 58. 
The boot Is tightened by laces to secure the t>oot 
to the foot of tfie wearer. When the bag 58 Is 
sealed about the leg of a wearer and the closure 62 

30 Is secuied. pressure within the bag is reduced by 
vacuum device 74 to a pressure of between 490 
and 950 HPa. 

As sfiown in Rgures 7 arui 8, the reduction of 
pressure witiiln tiie bag altows tiie atmospheric 

3S pressure surrounding ttie t>ag to exert force on the 
b<x>t pressir^ the bag against the tx>ot and mokl- 
ing the pre-heated materials of the tx>ot agairist tfie 
foot of tfie wearer. The sidewalls of the t>ag 58 
at>ove the boot are compressed against each other 

40 in ttie area 76. as sfiown in l=}gures 7 and 8, and 
ttw laces 80 are compressed by the force of at- 
mospheric pressure surrounding the t>ag to press 
tiui t>ag against the tongue 16 In the spaces fc>e- 
tween tfie laces. Such compression occurs all over 

45 tfie boot so as to force the pre-fieated motdable 
material of the boot into the configuratim of the 
wearer's foot 

During tfie molding step, it may t>e necessary 
to reheat the boot by application of additional heat 

50 from tfie heating device. Additional heat may be 
transferred to the fc>oot tfirough the vacuum bag 58 
If it is felt tfiat too much time ties expired and the 
boot is l^ginning to cool. 

When tfie v»:uum device 74 is deactivated, air 

55 refills the vacuum t>ag 58 and normalizes pressure 
kwtween tfie exterior and interior of the bag. The 
polymeric glue hotoing the layers of the t>oot to- 
gether retains Its adhesive effectiveness during the 
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molding process and as the boot cools, and the 
result Is a boot which closely conforms to the 
shape of the wearer's foot 

In Rgure 9, a compression chamber 100 Is 
shown which includes a container 102 and a lid 
104 having two pivoted sections 106 and 108. In 
Figure 9. the lid sections 108 and 108 are shown 
secured together by screw clamp 110, which ex- 
tends through two tal^ 112 and 114 mounted, 
respectively, on each of the lid sections 106 and 
108. A leg 116 of the wearer extends through a 
hard rubber gasket 118 to sealingly engage the leg 
within the compression cfiamber 100. Ud sections 
106 and 108 are shown in a pivoted apart location 
in phantom lines to facilitate entry of the foot and 
footwear. A presst^fzation vah/e 120 extends 
through the sidewall of the pressurlzation chamber 
to communicate between the interior and exterior of 
the pressurization chamber. A pressure line 122 
having a clamping fixture 124 is secured to the 
valve 120 so as to mtroduce pressurized air into 
the pressurization chamber 100. ^ 

In Rgure 10, the pivot pin 126 is sinown as 
being secured to a sidewall 128 of the pressuriza- 
tion *chamt>er 100. The interior chamber 130 is 
sealed when the teg of the wearer of sicate 10 is 
placed In the chamber 130. and the lid sections 
106 and 108 are pivoted to meet and be lodced by 
clamp 110. A gasket 132 further aids in sealing the 
chamber 130. 

After the skate 10 is heated, as shown and 
descHbed with reference to figwB 4, the skate Is 
taced onto the foot of the wearen and a cushion 
layer, as disclosed with reference to Rgure 8. Is 
located in the cavity t>etween tfie toes and the toe 
cap of the boot An air pump pressurizes air and 
forces it through hose 122 and coupling 124 lo- 
cated on valve 120 to pressurize the atmosphere 
within the chamber 1.30. A preferred pressure of 
1450 to 2000 HPa is produced within the chamber 
130. The pressure in the chamber forces the ther- 
mofonning layers of material of the boot towards 
the foot of the wearer so as to mold the boot to the 
shape of the wearer's foot Similar to the pres- 
surization by the atmospheric pressure on the 
skate In the evacuated bag. as shown in Rgures 7 
and a, the pressure of the atmosphere surrounding 
the skate is of sufficient force to force the compo- 
nent layers of the t>oot against the foot of the 
wearer to produce a custonn-fit kxiot 

in an aJtemate emtxxiiment the skate may be 
located in a vacuum bag similar to the bag shown 
in Rgure S. and a rigid outlet hose is placed in the 
bag and connmunicates with the exterfor of the 
compression chamt)er 100. Upon increase of the 
pressure within the chamber, the air within the t>ag 
and surrounding the skate wilt be forced out 
through the rigid hose, and pressure applied 



against the softened thermoforming component lay- 
ers of the boot so as to mokj the boot to the shape 
of the foot of the wearer. 

Having described the Invention, many modifica- 
s tions thereto will become apparent to those skilled 
In the art to which it pertains, without deviation 
from the spirit of tfie Invention as defined by the 
scope of the appended claims. 

TO 

daims 

1. A remoklabie multi-layer footwear capable of 
being mokled on more than one occasion, the said 

IS footwear comprising: 
a boot (12). 

said boot (12) including a plurality of layers of 
material (20. 22. 26. 28. 34). said plurality of layers 
indudkig natural and synthetto thermoplastic ma- 
20 terial of various segments, patterns and shapes 
located in different areas of said boot for varying 
flexnbility at different areas of said boot, and said 
plurality of layers fc>eing furthermore secured to 
each other by polynieric gliie, said polymeric glue 

29 being capai>le of maintaining its adhesive effective- 
ness over repeated heating and cooling, and said 
polymeric glue having furthermore a melting point 
higher than a softening temperature of synthetic 
components of sakl plurality of layers, so that when 

30 saki boot (12) is heated and then molded by a 
pressure dlfferentiid. said polymeric glue maintains 
Its adhesive effectiveness to secure sakJ layers of 
material together. 

2. A remoklabie multi-layer footwear according 
35 to (^m 1, wherein said plurality of layers (20. 22. 

28. 2a 34) inciudes differer^ materials. 

3. A remokJable multiHayer footwear Eccording 
to dalm 1 or 2. wherein said plurality of layers (20. 
22, 28. 28, 34) ktcludes at least one layer made of 

40 nylon, polyethylene, and polyvinyl chforkle. 

4. A remoktoble multi-layer footwear according 
to anyone of daJms 1 to 3, wherein said boot is 
part of a tK>ckey sicate. 

5. An apparatus for forming a remoklabie multl- 
45 layer footwear, according to anyone of claims 1 to 

4, comprising: 

heat means (54) for heating said boot (12) to a 
temperature greater than said softening tempera- 
ture erf said synthetic components of said plurality 

SO Of layers and less than said melting point of said 
polymeric glue so as to softon said boot, and 
pressure means (58. 70, 74 ; 100. 120) for sur- 
rounding said boot (12) and sealing an encfosed 
area around said boot wtten saM boot is focated on 

55 a foot of a wearer and for pressurizing said en- 
cfosed area so as to compress said t>oot against 
the foot of the wearer by pressure differential and 
moki said boot to the configuratfon of the foot of 
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the wearer. 

6. An apparatus according to daim 5. wherein 
cushion means (66) are locate between the toes 
of the foot of the wearer and a toe reQion of said 
boot (12) for preventing swelfing of the toes and s 
thereby preventing injury. 

7. An apparatus according to ctain) 5 or 8, 
wherein said pressure means includes a vacuum 

(58) for surrounding said boot and a vacuum 
pump (74) with a vacuum line (70) to evacuate air lo 
from said vacuum t>ag. 

8. An apparatus according to anyone of claims 
5 to 7, wherein said softening temperature of said 
synthetic components of said plurality of layers is 
between 80 to 135* C. is 

9. An apparatus according to claim 8, wherein 
said softening temperature of said synthetic com- 
(Kments of said plurality of layers is between 93 to 
108* a 

10. An apparatus according to claim 5 or 6. 20 
wtierein said pressure means includes a pressur* 
Izatton chamt>er (1O0) for increasing molding pres- 
sure at>ove atmospheric pressure when said boot 

(12) is located in said pressurization chamt>er to 
force said t»oot to be molded against the foot of the as 
wearer. 

11. A method for molding a remoldable multi- 
layer footwear according to anyone of claims 1 to 4 
to the foot of a wearer, said method comprising: 
heating said boot (12) to a temperature above a so 
softening temperature of synthetic components of 

the plurality of layers of material which form said 
t>oot tfie said temperature remaining less than said 
melting point of said polymeric glue, 
enclosing an area including said boot (12) on a foot 35 
of a wearer, and 

(Mressurizing said area so that pressure differential 
compresses said plurality of layers of said boot 
while said polymeric glue maintains Its adhesive 
effectiveness. ^ 

12. A method according to claim 11, further 
comprising the step of kicating a cushioning layer 
(66) between the toes of the wearer and a toe 
region of said boot (12) prior to said evacuating 

step and rwnoving said cusiiioning layer (68) after 45 
said evacuating step. 

13. A method according to claim 11 or 12. 
wherein tfie pressure in said area is reduced to 
between 490 and 950 HPa. 

14. A method according to claim 11 or 12, so 
%vherein the pressure in said area is increased to 
between 1450 and 2 000 HPa. 
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